Resistance to different antibiotics was found in 26 of the 30 strains analyzed, more than 70% of the strains analyzed were resistant to carbenicillin and ampicillin and a significant correlation was found between the resistance to both antibiotics. Plasmids were found in 80% of the strains analyzed, and 11 different plasmid profiles were observed. The most common profile obtained had only a 21.2-kbp plasmid, a significant correlation was found between the presence of this plasmid and resistance to carbenicillin, although some exceptions could be detected. Plasmids were cured from a cephalothin resistant strain and reintroduced into the plasmid-free cell and into Escherichia coli DH5K, both strains gained resistance to this antibiotic. ß 2002 Published by Elsevier Science B.V. on behalf of the Federation of European Microbiological Societies.
Introduction
Diseases are, perhaps, the major cause of losses in the aquaculture industry, among them, vibriosis is one of the most frequent diseases a¡ecting ¢shes, molluscs and crustaceans [1] . To treat bacteriological infections, it is common practice to employ antibiotics such as oxytetracycline, enro£oxacin, sara£oxacin, and £orfenicol [2] in shrimp farming. Bacterial resistance to erythromycin, streptomycin, penicillin, ampicillin, amoxycillin, kanamycin, tetracycline, oxytetracycline, and chloramphenicol has been reported in Vibrio isolates from the shrimp industry [3, 4] . In Mexico, resistance to oxytetracycline, trimethoprim-sulfamethoxazole, and £orfenicol has also been reported [2] .
Plasmids have been found in vibrios [5, 6] , and in some cases, their involvement in resistance to many antibiotics has been proven [6, 7] . To our knowledge, plasmid presence, pro¢ling, or their relationship with antibiotic resistance, have not been reported from bacterial strains isolated from penaeid cultures in the Americas.
The aim of this study was to investigate the presence of plasmids and their relationship with antibiotic resistance in strains isolated from cultured shrimps in Mexico, where antibiotic treatment is widespread.
Materials and methods

Bacterial strain characterization and antibiotic susceptibility
Thirty bacterial strains were obtained from the Collection of Aquacultural Important Microorganisms (World Federation of Culture Collections no. 813). Strains were selected based on the following criteria : (1) from diseased penaeid shrimp, (2) isolates from representative organs and tissues, (3) from outbreaks, and (4) from shrimp collected from several regions in the northwest of Mexico (see Table 1 ). The strains were originally isolated and puri¢ed in thiosulfate^citrate^bile salt^sucrose agar (TCBS, Difco, Detroit, MI, USA, 30 ‡C for 24 h), a selective medium for vibrios. Strains were grown in tryptic soy agar (+2.0% NaCl, 30 ‡C for 24 h) for phenotypical characterization following the scheme of Alsina and Blanch [8] . Antibiotic susceptibility was determined by the disk di¡usion test as described elsewhere [2] ; brie£y, strain suspensions (0.5 MacFarland) were inoculated by lawn onto MullerĤ inton agar+2.5% NaCl and the sensidisks positioned; the plates were incubated for 24 h at 30 ‡C, and the inhibition halos measured. Antibiotics tested were amikacin, ampicillin, carbenicillin, cephalothin, cefotaxime, ceftriaxone, chloramphenicol, gentamicin, netilmicin, nitrofurantoin, pe£oxacine, trimethoprim-sulfamethoxazole, enro£oxacin, oxytetracycline, and £orfenicol.
Plasmid extraction, pro¢ling and curing
Plasmid extraction was performed with the Wizard Plus SV Minipreps DNA puri¢cation system (Promega, Madison, WI, USA) according to the manufacturer's instructions, but the incubation medium (Luria^Bertani, LB) was supplemented with 2.5% NaCl. The extracted DNA was electrophoresed in a 1.0% agarose gel at 80 V for 75 min and photographed with Polaroid Polapan 667 ¢lm.
Three treatments were tested to evaluate curing e⁄-ciency: acridine orange, ethidium bromide, and sodium dodecyl sulfate (SDS). The strains were grown in LB broth+2.5% NaCl at 30 ‡C for 24 h. One set of 10.0-ml test tubes were prepared with 2.0 ml of LB broth with 10% SDS, another set with acridine orange at 50, 100 and 200 Wg ml 31 , and a third set with 50, 100 and 200 Wg ml 31 of ethidium bromide. All the tubes were inoculated with 200 Wl of the cultured bacterial broth and incubated at 30 ‡C for 24 h under constant agitation. Serial dilutions in sterile saline solution 2.5% were done and 100 Wl plated in LB agar+2.5% NaCl, the plates were incubated at 30 ‡C for 24 h. Five colonies were selected from treatments with the highest concentration of curing agent, and antibiograms were performed for the antibiotics to which they were originally resistant. Colonies that showed change in the size of the inhibition halo were submitted to plasmid extraction as explained previously.
From the previous experiment, the most e⁄cient curing agent was selected, and the rest of the strains were tested following the methodology already described, with a modi¢cation; in order to dilute the curing agent that might still be present in the pelleted cells, the bacterial cells were centrifuged at 2200Ug for 1 min, the supernatant was discarded and the pellet was resuspended in 1.0 ml saline solution (2.5%), this washing was repeated two more times. The resuspended bacteria were serially diluted and plated in LB agar+2.5% NaCl ; after incubation, 13 colonies per tested strain were selected and inoculated in a 96-well microtiter plate with the corresponding antibiotics, to identify bacterial colonies that presented a change in the susceptibility. The 96-well microtiter plate was prepared with 100 Wl LB broth+2.5% NaCl and the antibiotic at the adequate concentration. Each well was inoculated with 50 Wl of a bacterial suspension, one colony suspended in 1.0 ml of saline solution. As positive control, the colonies were inoculated in an antibiotic-free well. Previously, the minimum inhibitory concentration (MIC) was estimated for each strain before curing, to evaluate change in the MIC due to the loss of the plasmid. Those colonies that presented no growth or where the growth was signi¢-cantly reduced (by turbidity observation) were selected. From these colonies, the plasmid DNA was extracted and DNA bands were recorded electrophoretically (as described previously).
Transformation of competent cells
Strain HL60 plasmid cured (HL60pc) was inoculated in 250 ml LB broth and incubated at 30 ‡C for 3 h under constant agitation (300 rpm). The broth was divided in 5U50-ml propylene tubes in ice and was let to cool for 10 min. The cells were pelleted by centrifugation (2218Ug, 10 min at 4 ‡C), the supernatant was drained and the tube was let upside-down for 1 min. Each pellet was resuspended in 10.0 ml of ice-cooled CaCl 2 0.1 M and centrifuged again (2218Ug, 10 min at 4 ‡C), the supernatant was discarded. The pellets were again resuspended in 2.0 ml of ice-cooled CaCl 2 0.1 M, and 50 Wl was distributed in Eppendorf micro tubes (1.5 ml) and stored at 370 ‡C.
Transformation was performed on two strains of competent cells : the homemade HL60pc and Escherichia coli DH5K (Gibco, CA, USA). The plasmid was also ligated in case it was not already circular. As internal control, the commercial plasmid puc19 (New England Biolabs, Beverly, MA, USA) was also used. An amount of 5 Wl of both ligated and non-ligated plasmids was incubated for 30 min on ice with 50 Wl of competent cells. Heat shock was carried out at 37 ‡C for 20 s, followed by a 1-h incubation in SOC medium at 37 ‡C (for DH5K) and 30 ‡C (for HL60pc). Tubes were then centrifuged and the supernatant was discarded. The pellets were plated on LB containing 500, 1000, and 1500 Wg of cephalothin and incubated overnight at 30 ‡C and 37 ‡C for HL60pc and DH5K, respectively.
Results and discussion
Bacterial strain characterization and antibiotic susceptibility
All the strains grew on TCBS agar, were Gram-negative, motile by means of polar £agella, oxidase-positive, fermented glucose, and were sensitive to the vibriostatic agent O/129 at 150 Wg; therefore, they were tentatively identi¢ed in the genus Vibrio [8] .
Of the 30 strains tested, 22 were resistant to carbenicillin (73.3%), 21 to ampicillin (70.0%), 11 to cephalothin (36.7%), six to oxytetracycline (20.0%), ¢ve to amikacin (16.7%) and only one to chloramphenicol, gentamicin, netilmicin, nitrofurantoin, and pe£oxacin (Tables 1 and 2 ). Four strains (13.3%) were resistant to one antibiotic of the 15 tested, nine resistant to two antibiotics (30.0%), nine to three antibiotics (30.0%), two to four antibiotics (6.7%), one to ¢ve antibiotics (3.3%), and one to eight antibiotics (3.3%). Four strains were sensitive to all antibiotics.
In this study, resistance to ampicillin was observed in 70% of the analyzed isolates, in other studies similar percentages have been reported, ranging from 44.4% to 98% in vibrios from di¡erent sources [9, 10] . Resistance to carbenicillin, another L-lactam, was found in 73.3% of the strains analyzed here, but lower percentages (27.8^69.4) have been reported [2, 10] . Resistance to cephalothin was lower (36.1%), much in agreement with other publications [9, 11] . This study supports the idea that L-lactam resistance is now widespread in vibrios isolated from a variety of locations and sources.
Resistance to cephalothin, colistin, and ampicillin, or a combination of these, has been observed in many strains of Vibrio anguillarum [11] but no correlation could be established with the presence of plasmids. In this study, a signi¢cant correlation was found between resistance to ampicillin and to carbenicillin in the strains analyzed (Spearman correlation, r 2 = 0.734, P 6 0.01, n = 29); 23 strains were resistant to one or both antibiotics, 20 were resistant to both (87%), one was sensitive to carbenicillin, and two to ampicillin (Table 1) . Since some strains possessed the plasmid and were not resistant to carbenicillin, it is possible that there is more than one plasmid of the same size. A similar case was observed by Mitoma et al. [12] where restriction fragment length polymorphism showed heterogeneity among a 67-kbp plasmid.
Plasmid extraction, pro¢ling and curing
Of the 30 strains analyzed, 24 (80.0%) had one or more plasmids (Table 1) , 21 had a 21 223-bp plasmid, three a 84 299-bp, two a 37 436-bp, and two a 819-bp plasmid. Five strains (16.7%) had no plasmids, 16 had one plasmid (53.3%), ¢ve had two (16.7%), three had three (10.0%), and one had six plasmids (3.3%).
Eleven di¡erent pro¢les were encountered ( Fig. 1 and Table 1 ), 43.3% of the strains (13) presented pro¢le 3, 10% Table 1 Resistance of the strains employed in this study to di¡erent antibiotics, size of plasmids, and plasmid pro¢les (see Fig. 1 of the strains (three) presented pro¢le 1, and the rest of the pro¢les were observed in only one strain. The plasmid pro¢les in vibrios have been studied in some species such as Vibrio ordalli [13] , Vibrio vulni¢cus [10] , and Vibrio salmonicida [14] , and most extensively in V. anguillarum [15] , where a high diversity of pro¢les was observed [16] . Plasmid pro¢ling has been proven useful to di¡erentiate between V. salmonicida strains [14] , but their discriminatory power has also been questioned [15] . Restriction pattern analyses generated with di¡erent enzymes have also an important discriminatory power, but for some plasmids, restriction analysis is di⁄cult due to the low DNA concentration [15] . In this study, an e¡ort was also made to analyze the strains with restriction enzymes, but the resulting bands were too faint.
A signi¢cant correlation was found between resistance to carbenicillin and the presence of a 21 223-bp plasmid (Spearman correlation, r 2 = 0.435, P = 0.018, n = 29). 65.5% of the strains (19) had the plasmid and were resistant to carbenicillin, three strains had the plasmid but were not resistant, and three strains were resistant but did not have the plasmid. Since some exceptions were found, it is sug- gested that resistance can be encoded in some strains in plasmids and in others in the chromosome [17] . The treatment with 10% SDS did not cure any of the three strains tested from their plasmids. The strains grew only in the lowest concentration of acridine orange, 50 Wg ml 31 , but it was enough to cure the strains. With ethidium bromide at 200 Wg ml 31 , all three strains were cured, therefore, it was selected as the curing agent since the disposal of acridine orange is more di⁄cult.
Twenty-one strains were treated with ethidium bromide at 200 Wg ml 31 and only seven lost their plasmids ( Table  2 ). All the treated strains, except HL2, presented changes in their sensitivity to some of the antibiotics tested. Strains HL33, HL51, HL60 and HP43 showed some of the largest change in sensitivity (Table 2), they had one or two plasmids (Table 1) , and were therefore selected for further testing. The MIC determined for the four strains selected previously, without plasmid curing, was 3.0 mg ml 31 for strains HL33, HL51 to ampicillin and cephalothin, 3.0 mg ml 31 for HL60 to cephalothin, 0.11 mg ml 31 for HP43 to cephalothin, 6.0 mg ml 31 for HL33 to carbenicillin, 2.0 mg ml 31 for HL51 and HP43 to carbenicillin, 0.22 mg ml 31 for HL60 to carbenicillin, and 0.18 mg ml 31 for HP43 to ampicillin. HL60 was sensitive to ampicillin, and no MIC was determined. From the 13 colonies that were isolated from the curing treatment of each strain, only ¢ve colonies of each strain that showed the largest change in turbidity in the MIC microtiter plate were selected for plasmid extraction. Plasmids were extracted from cured strains HL33, HL51, HL60 and HP43, but only HL60 lost the plasmid, therefore it was labeled HL60pc. The sensitivity of strain HL60pc to cephalothin changed from resistant (7.0 mm) to sensitive (18.0 mm, Table 2 ), and to carbenicillin from resistant (14.5 mm) to intermediate (22.0 mm).
Transformation of competent cells
Strains HL60pc and E. coli DH5K were transformed with the 21 226-bp plasmid obtained from the strain HL60. Both transformed strains containing ligated and non-ligated plasmids grew on LB plates with 500 and 1500 Wg ml 31 of cephalothin. Transformed colonies from strain DH5K containing the non-ligated plasmid isolated from plates with 500 Wg ml 31 presented an inhibition halo of 14.0 mm, whilst those containing the ligated plasmid isolated from 500 Wg ml 31 and those containing ligated and non-ligated plasmids isolated from 1500 Wg ml 31 had no inhibition halo; therefore all of them were categorized as resistant. Non-transformed DH5K had an inhibition halo of 30.0 mm, hence was categorized as sensitive. HL60pc sensitivity to cephalothin changed from 18.0 to 7.0 mm when the plasmid was inserted into the plasmidfree strain, regardless of ligation. It was proven that this 21.2-kbp plasmid encoded, at least, resistance to cephalothin.
The plasmid present in strain HL60 (21 226 bp) was proven to encode resistance to cephalothin, and it was transferable to other genera (E. coli). Transfer of resistance plasmids form vibrios has also been demonstrated in other studies [18] .
To our knowledge, this is the ¢rst report where a comprehensive study on the plasmids present in vibrios isolated from penaeid shrimp culture in the Americas has been performed. Resistance to antibiotics is widespread in vibrios and their relationship with transferable plasmids should be further studied.
